Recent validation studies have confirmed that the first along-track scanning radiometer (ATSR) can retrieve sea surface temperature (SST) to an accuracy of 0.3K even in the presence of heavy atmospheric aerosol. However, using the standard (pre-launch) retrieval, this accuracy is achieved only when data from all three thermal channels (3.7, 11 and 12/zm) are available; in the absence of 3.7/zm data, retrieved SSTs are subject to significant cold bias. As 3.7/zm data are useful only for nighttime observations, and ATSR's 3.7/zm channel failed in May 1992, only 11 and 12/zm data informed SST derivation for most of the 1991-1996 mission. We demonstrate the potential for improvement in this retrieval, based on comparison of observed brightness temperatures with precise SSTs derived using 3.7/zm data. A reduction in global-mean cold bias from >0.6K to <0.1K is achieved, with standard deviation approximately halved. We also examine the treatment of optical pathlength variation around the ATSR swath.
Introduction
ATSR is a dual-view, self-calibrating infrared radiometer with spattally coregistered spectral channels centered at SSTs (derived in the absence of the 3.7/zm data) exhibit a ubiquitous cold bias of •0.3K with respect to the six-channel retrieval, and are further depressed in the presence of heavy atmospheric aerosol. Considering the coefficients used in the ATSR retrieval scheme were based on a pre-launch calculation which assumed only climatological tropospheric aerosol, the success of the six-channel retrieval is reassuring, since it indicates that this retrieval is, as designed, largely robust to mis-specification of the atmospheric model. We seek here to quantify the potential for improvement in the four-channel retrieval by evaluating the extent to which six-channel SSTs can be reproduced from a linear model based on 11 and 12 •m brightness temperatures (BTs). We stress this is not proposed as a final solution since a key objective of the ATSR mission is to provide physically-based retrievals of radiometric (skin) SST. Brown et al., [1997] accounted for the effects of stratospheric aerosol by including a layer of aged volcanic aerosol in the Zdvody et al., [1995] radiative transfer model, but the long-term performance of their algorithm under changing aerosol loads has yet to be evaluated. The present exercise is necessary to define the criterion of success for any proposed 'aerosol robust' retrieval scheme, and to inform the ATSR reprocessing strategy of the limitations inherent in an independent (time-invariant) linear four-channel retrieval. We also performed an analogous calculation to the composite regression (iii) above, but using all three nadir-view BTs only. This retrieval scheme simulates the performance of a nadir-viewing instrument
Data and Methodology

Comparison of SST Retrievals
In the following discussion, SST• is considered to represent 'truth'-an assumption supported by the validation results -but in any case, our key conclusions, concerning the potential for consistency between algorithms should apply equally to improved six-channel retrievals. Table I The value of statistically-derived coeffcients depends on the extent to which numbers derived from one set of observations are appropriate to a different set, characterteed by different atmospheric conditions. The four-channel retrieval coefficients considered above were derived solely from nighttime observations, but as they encompass large seasonal water vapour variation, they should be equally applicable to daytime data, as diurnal humidity differences are compara- The latter effect is caused by the 'first pixel' approximation, which for these observations causes •-20% of data to be assigned a band displaced to the west. As this is too far from the swath centre on the western side, the result is an over-correction for atmospheric path and a too-warm SST, with the converse situation on the eastern side. The effect increases in magnitude towards the equator as higher humidity renders the retrieval more sensitive to band choice. Figure 3d shows the bias for the case where the band is assigned by evaluating the mean position of all pixels within a 10 • cell. Discontinuities due to the banding scheme remain, but the asymmetry about the sub-satellite track is rectified.
Conclusion
The discrimination of secular trends in SST from satellite infrared data relies on a retrieval unaffected by variations in atmospheric parameters such as water vapour and volcanic aerosol which may themselves be subject to long-term change. ATSR six-channel SSTs are capable of meeting this requirement, with further data adding to the global record since ATSR-2 operation commenced in April 1995. We have explored the performance of the ATSR four-channel SST retrieval using coefficients derived from periods differentiated both by aerosol loading and by seasonal water vapor differences. Our main conclusion is that four-channel SSTs have the potential for much smaller bias and scatter than were obtained using the pre-launch retrieval. Work is underway to develop a physically-based algorithm to exploit this potential. This should allow the continuation of a low-bias, precise ATSR SST record using four-channel retrievals throughout the full period of the ATSR and ATSR-2 missions.
